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1. I agree to supervise this senior project. ______
2. The specifications are [1]-[2]:
Implementation Free—Describes what project should do, not
how.
Bounded—Identify project boundaries, scope, and context
Complete—Include all the requirements identified by the
customer, as well as those needed to define the project.
Unambiguous—Concisely state one clear meaning.
Verifiable—A test can prove if system meets specification.
Traceable—Each engineering specification serves at least one
marketing requirement.

ADVISORS: Please initial above, if you agree to supervise this senior project. Also, please check
applicable boxes above. Comment below, if requirements or specifications require revision.

Abstract
This project requires that we select a high frequency amplifier that most fits the desired specifications of our client,
who is hoping to use our data and results for a senior technical elective at Cal Poly SLO. In order to do this, we use
an amplifier trade to compare specs for select amplifiers and choose one to use for testing. Through this trade, the
ERA-3+ is shown as the best option for us to use in the lab. The ERA-3+ amplifiers are characterized by their
s-parameters and metrics of nonlinearity which includes 1dB compression point, carrier to third order
intermodulation product (C/3IM), third order intercept (TOI/IP3), and noise power ratio (NPR) performance. The
amplifier is characterized to ensure it is functional. Further, notch filter options are explored and built to assist in
applying the NPR test for these amplifiers.
However the project plan had to be adjusted because of the COVID-19 pandemic and we were not able to measure
the amplifier NPR in the lab. To adjust, we simulate the 1dB compression point, two tone test (used for determining
C/3IM and IP3), and the NPR in Advanced System Design (ADS) for an ERA-3+ characterized by its s-parameters.
The final goal for this project is to develop relations between the metrics of non-linearity. By primarily looking at
how the 1dB compression point and TOI each affect NPR performance, we are able to build mathematical models
which show a clear correlation between these parameters.
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Chapter 1: Introduction
This project is important because NPR (Noise Power Ratio) characteristics are very relevant to industry and industry
standards. The Electrical Engineering curriculum at Cal Poly SLO does not currently have a lecture or laboratory
that explores the NPR or how to obtain additional relevant data. It is desired to incorporate these concepts into the
Electrical Engineering curriculum at Cal Poly SLO through the addition of a senior technical elective.
The purpose of this project is to characterize an RF amplifier and through testing build a Noise Power Ratio curve
for students taking the Advanced Microwave Laboratory. This class requires amplifiers that operate at high
frequencies; therefore, only high frequency amplifiers were considered for this project. The procedures used for
testing the amplifier will be documented and available so that others will be able to test and characterize high
frequency amplifiers in the future.
An amplifier is meant to provide a constant amount of gain with a linear relationship between power input and
power output; however, due to imperfections, amplifiers will only have linear gain up to a certain input power level
at which point the amplifier becomes saturated and output power peaks. Multiple measures of the non-linearity of
amplifiers have been developed including the 1dB compression point, the carrier to third order intermodulation
product (C/3IM), the third order intercept (TOI or IP3), and a noise power ratio (NPR) measurement.
The 1dB compression point is a measure of nonlinearity that looks at the gain of the amplifier. Ideally, amplifiers
have a linear relationship between input power and output power. The 1dB compression point is at the input power
where the actual gain of the amplifier deviates from the ideal gain by 1 dB.
The C/3IM is a measure of nonlinearity that looks at the signal power vs frequency at the output of the amplifier
when two tones are input to the circuit. The C/3IM is specified at a particular operating input power. Ideally, there
should only be power in the two carrier frequencies; however, due to imperfections and non-linearities in the
amplifier, the signal has power at the carrier frequencies along with power in the intermod frequencies. The C/3IM
is a measure of the difference in power between the carrier and 3rd order intermodulation product output power
measured at a specific input power. For the purpose of our experiment, we will be measuring the C/3IM at a power
input of -5 dBm and 0 dBm. These two points will then be used to find the third order intercept (TOI or IP3). This is
a theoretical input power where the 3rd order intermod and the carrier both have the same output power.
The NPR is a measure of how much noise the amplifier adds to the signal. The NPR performance metric is
particularly useful when considering multi-carrier systems. This is because the signal begins to behave like noise.
By using a circuit configuration including a notch filter before the amplifier, the signal within the band of interest is
attenuated fully down to the level of noise. Passing this signal through the amplifier and observing the output signal
will show how much noise is added from the amplifier. The NPR measures the difference between the power in the
notch band across the amplifier.
Due to the Covid-19 pandemic, our project process was interrupted at the critical point of the project. Right before
we were able to do extensive lab experiments on all the amplifiers, we lost access to the equipment that we needed.
Therefore, we had to make modifications to how we run the experiment. In attempts to stay true to the premise of
finding correlations between these three distinct measures of non-linearity, we used the Pathwave Advanced Driver
Software (ADS) produced by Keysight EEsof EDA. By using this simulation software, we can simulate the tests that
were designed and get data on the different measures.
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Chapter 2: Customer Needs, Requirements, and Specifications
Customer Needs Assessment
The customer needs were determined by speaking with the client to specify amplifier and test requirements. We met
with the client who is going to be using a selected amount of the amplifiers we test in one of his labs. The following
constraints were given: Amplifier must operate within ISM Band of 2.4 – 2.5 GHz; Noise Figure less than 3dB
within this frequency range; Operate from a small supply of 3 – 5 V; Prefer high gain in ISM Band.

Requirements and Specifications
The requirements and specifications were determined by meeting with the customer to discuss their needs for an
amplifier. They gave us a basic idea of what devices we should use, and our requirements and specifications are
based on those. Our specifications are listed in Table I along with the requirements that correlate to them. Table II
on the next page shows some base deliverables for our project as well as the general deadlines for them. In Table III,
we see the amplifier trade comparing each amplifier to one another based on the given constraints listed above. In
this table, green is a good/great spec, yellow is acceptable, and red is bad/not-ideal.

Marketing
Requirements

TABLE I: RF AMPLIFIER REQUIREMENTS AND SPECIFICATIONS
Engineering Specifications

Justification

2, 6

Testing done in ISM band from
2.4GHz-2.5GHz

Need the amplifier to work in desired frequency
range [4] [5]

2, 3

Operates from a 3-15V supply

Don’t want the supply to be too large [3] [4] [5]

2, 6

Gain over 0dB in ISM Band

To ensure the amplifiers have a gain in the
frequency we are operating them in [3] [4] [5]

2, 6

Noise Figure less than 3dB in ISM
Band

Want the noise effect on the system to be
minimal [4] [5]

2, 6

Power output level shouldn't
overpower the test equipment

Don’t want to exceed maximum power
specifications of equipment

1, 3

System responds to multiple Pin
levels.

To sense how the circuit performs in different
conditions

4, 5

Under $30 to purchase the product

Want it to be affordable for students

Marketing Requirements
1. Uses appropriate sample size for data collection and characterization
2. Uses appropriate amplifier for data collection
3. Easy to replicate tests
4. Small
5. Low cost
6. Operates in the high frequency band
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TABLE II: RF A
 MPLIFIERS DELIVERABLES
Delivery Date

Deliverable Description

December 2019

Design Review

March 2020

EE 461 demo

March 2020

EE 461 report

May 2020

EE 462 demo

May 2020

ABET Sr. Project Analysis

May 2020

Sr. Project Expo Poster

June 2020

EE 462 Report

TABLE III: AMPLIFIER TRADE TABLE
CC2595 TI

ERA-3+

PSA4-5043+

Frequency Range

2400MHz - 2483MHz

DC - 3GHz

0.5GHz - 4GHz

Supply Voltage

2V - 3.6V

3V - 25V

3V - 5V

Gain

24.5dB - 26dB

In dB
~17.6-20.7 at 2GHz
Typical = 18.7 dB
Less at higher freq.

In dB
~12.5-13.3 at 2GHz
Less at higher freq.

Noise Figure

~3dB @ 2 GHz

2.8 dB @ 2 GHz

1 dB @ 2 GHz

Pout

Typ: 20.7 dBm

20.7 dB Max at 2GHz

Up to 21 dBm

Cost

Free: TI part (will give to us for
free)

$1.80 each for 50

$1.98 each for 50

Ext. Components?

Yes: New

Yes: Existing

Yes: Similar to ERA-3+

After comparing the different parameters of the three amplifiers in table three, the amplifier that best meets the
needs of the project is the ERA3+. The Voltage Supply of the ERA3+ depends on the resistor used in the application
circuit. Our amplifier will use a supply voltage of 11-12V. [4]
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Chapter 3: Functional Decomposition
The data collected from the gain transfer curve testing and the linearity testing will determine which RF amplifiers
are properly functioning. This ensures no defective amplifiers are used during the noise power ratio testing. The data
collected from the NPR testing will be used to develop an NPR curve for the project's chosen amplifier. Table IV
below shows the basic level 0 function of our project discussing the inputs, outputs, and the functionality.

TABLE IV: FUNCTION TABLE
Module

RF Amplifier

Inputs

Gain Transfer Curve Testing: P1dB & Psat point [1]
Linearity Testing: C/3IM point [1]
Noise Power Ratio Testing: at various Pin levels [2]

Outputs

Noise Power Ratio Curve: avg of ̴ 30 sample data sets [1] [2]

Functionality

Develop a Noise Power Ratio Curve through development testing at multiple
input power levels. [2]

Figure 1 and Figure 2 below show our block diagrams for our level 0 and level 1 respectively. Level 1 uses the
inputs and outputs of the level 0 diagram but includes a basic internal flow for the block.

Figure 1: Level 0 Block Diagram

Figure 2: Level 1 Block Diagram
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Chapter 4: Project Planning
TABLE V: PROJECT COST ESTIMATE (BEFORE COVID-19)
Part

Quantity

Estimated Cost/Part*
= (costx+ 4(costm) + costb)
6

Estimated
Cost

Actual
Cost

Justification

ERA-3+
Amplifier
Kits

50

1.98+ 4(2) + 4 = $2.33
6

$116.50

$886.00

Testing amplifier

Labor

150

7+ 4(10) + 15 = $10.33
6

$1,550.00

$1,550.00

Approximate labor
cost to complete the
project

Solder

1

9.39+ 4(10) + 15 = $10.73
6

$10.73

$10.73

The amplifiers need
to be soldered to the
test circuit

Printed
Wiring
Board

2 (pack
of 15)

8+ 4(9) + 15 = $9.83
6

$19.66

$0 (came
with the
amplifiers)

The amplifiers will
be soldered to the
PWBs to simplify
testing

Extra Test
Circuit Parts

30

5+ 4(7.50) + 10 = $7.50
6

$225.00

$0 (came
with the
amplifiers)

The amplifiers need
extra components
when testing them

Vector
Network
Analyzer
[13]

1

1,500+4(8,159)+3,000 = $2,082
6

$6,189

$0
(provided in
lab)

Need this analyzer to
determine
characteristics of the
amplifiers

Spectrum
Analyzer
[14]

1

1,999+4(8,160)+5,000 = $2,833
6

$6,606

$0
(provided in
lab)

Need this analyzer to
perform tests on the
amplifiers

High
Frequency
Signal
Generator
[15]

1

2,200+4(8,270)+5,495 = $3,279
6

$6,795

$0
(provided in
lab)

Need this signal
generator to perform
desired tests on the
amplifiers

Estimated
Total:
$21,511.89

Actual
Total:
$2,446.73
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*All equipment used for testing during this project is provided by Cal Poly Student Project Lab
*Equation for calculating estimated cost from Ford and Coulson’s Chapter 10 equation 6

The cost estimate chart in Table 5 shows the general cost of the project for someone who isn’t a student and would
have to cover the expenses themselves.

Gantt Chart

Figure 3: Gantt Chart-Project Schedule
Our Gantt Chart in Figure 3 shows our desired progress and goals over the course of the 9 months that we will be
working on this project.

TABLE VI: FINAL PROJECT COST ESTIMATE (AFTER COVID-19)
Part

Quantity

Estimated Cost/Part

Estimated
Cost

Actual Cost

Justification

Labor

150

7+ 4(10) + 15 = $10.33
6

$1,549.50

$1,549.50

Approximate
labor cost to
complete the
project

Advanced
Design
System (ADS)
Software

1

Free Software

$0

$0

This software
allows
simulating the
tests on the
amplifiers
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Figure 4: Actual Project Flow Gantt Chart
Due to the COVID-19 pandemic, the Cal Poly SLO campus closed in late March which cut off our access to lab
equipment and resources. For about a month after this, we were unsure about the state of our senior project since the
premise was heavily reliant on the ability to use lab equipment tailored for high frequency operation to collect lots of
data. We then had to switch direction and simply our project to using simulations and simulated data instead of
actual measured data. Figure 5 below shows the time frame for simulating all of the desired tests.

Figure 5: Altered Project Flow
Fortunately, we were able to complete our desired goals of relating the different measures of nonlinearity with the
time we had left.
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Chapter 5: Project Progress (Before Covid-19)
Equipment Calibration Procedure
The Vector Network Analyzer (VNA) used throughout this project requires calibration for the ISM Band.
Procedures for how to calibrate two different types of VNAs are listed below.
Calibration Procedure (VNA Anritsu MS4622B):
1. Turn on VNA (Takes a minute)
2. Press the “Cal” button under “Enhancement”
3. Select “Perform Cal - 2 Port - (No Cal Exists)”
4. Select “Next Cal Step”
5. Select “Full 12-Term”
6. Select “Exclude Isolation”
7. Select “Normal - (1601 Points Maximum)”
8. Modify the Start and Stop frequencies for span from 2.4 - 2.5 GHz. Select “Next Cal Step”
9. Change Port 1 and Port 2 Connections to SMA (M)
10. Select “Start Cal”
11. Connect loads to the ports as directed on the VNA and select “Measure Ports”
12. Repeat Step 11 until “Calibration Sequence Completed” displays. Press “Enter”
Calibration Procedure (VNA MS4622A):
1. Turn on keyboard, plug in mouse, plug VNA into wall, plug in screen
2. Turn on VNA
3. Select “Calibration” on the screen
4. Select “Calibrate”
5. Select “manual cal”
6. Select “2-port cal”
7. Select “Port 1-Reflective Devices”
8. Click on port 1 connector
9. Change port 1 connector and port 2 connector to SMA female
10. Select “ok”
11. SMA male should show up on port 1 connector
12. Attach a short, open, and load in any order and select the one connected to test
13. Once all calibrated on port 1, select back
14. Select port 2 connector (should already show sma male)
15. Repeat steps 12-13
16. Select “thru/recip”
17. Attach a through and click on the test
18. Select done

11

S-parameters Introduction & Procedure
S-parameters:
The Scattering parameters (S-parameters) of an amplifier generally becomes more important to describe amplifier
behavior at frequencies over 100MHz, when wide-band measurements such as y parameters become increasingly
difficult to measure. Therefore the S parameters of each ERA3+ will be measured for a few different frequencies
ranging between 2.4GHz-2.5GHz. There are four S parameters, S11, S12, S21, S22 that form a complex matrix to
describe the Reflection/Transmission characteristics between the two ports of the amplifier in the frequency domain.
The first subscript in the S parameters refers to the port where the signal emerges and the second subscript is the port
where the signal is applied. [6]
S11 = input reflection parameter
S12 = reverse transmission parameter
S21 = forward transmission parameter
S22 = output reflection parameter
S-Parameters Procedure (MS4622B):
1. Perform Calibration Sequence.
2. Select “Display”
3. Select “Display Mode”
4. Select “Single Channel”
5. Select “Return”
6. Select “Graph Type”
7. Select “Log Magnitude”
8. Select “Marker”
9. Select “Readout Markers”
10. Add frequencies needed for S-Parameters.
11. Supply Power to boards. Refer to datasheet for necessary power supply
12. Record data at all essential frequencies in dBm.
13. Repeat 11 for all 4 channels

S-parameters data

Figure 6: Sample S-parameter data for ERA-3+ amplifier - voltage ratio, magnitude (M) and phase (A)

S-parameters analysis
This small data table shows only a few data points collected for 1 of the amplifiers we were going to use for testing.
Each S-parameter is measured in terms of its magnitude (M) and its angle (A). Within simulation, we are able to
insert S-parameters for a specific frequency, so we will plan on using the ideal center notch frequency at 2.45GHz.
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1-dB Compression Point Introduction & Procedure
1dB Compression Point:
The 1dB compression point of an amplifier is a measurement of the nonlinearity of the amplifier when the output
power deviates from ideal by 1dBm. To determine this measurement, compare the output power of the amplifier to
the input power of the amplifier. Ideally this plot (output power v. input power) is linear for all input power, but this
is not what actually happens. As the input power is increased there comes a point when the output power stops
increasing linearly with the input power and eventually the output power does not increase at all when the input
power is increased. Referencing figure 7 below, the 1dB compression point would be the measurement of the input
power when P1-P1=1dBm. [7] [8]

Figure 7: Generic 1dB Compression Point of an Amplifier
1-dB Compression Point Procedure (VNA MS4622B):
1. Turn on VNA and select “Default”
2. Select “Continue.” Allow the VNA to complete initializations before continuing
3. Connect SMA (M) - SMA (M) cables to both port 1 and poqert 2
Next, calibrate the VNA for a power sweep measurement.
4. Select “APPL”
5. Select “CHANGE APPLICATION SETUP”
6. Select “DEVICE TYPE = STANDARD”
7. Select “ENTRY STATE = CURRENT”
8. Select “MEASUREMENT TYPE”
9. Select “TRANSMISSION AND REFLECTION”
10. Select “FREQ”
11. Select “C.W. MODE” [Note: C.W. = Continuous Wave (Single Freq)]: ON and set C.W. frequency to
desired frequency
12. Select “SWEEP”
13. Select “SWEEP TYPE = POWER SWEEP”
14. Select “POWER”
15. Select “SELECT SOURCE = 1”
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16. Select a stop frequency by selecting “STOP” and input a stop power
17. Select a start frequency by selecting “START” and input a start power
Calibration for Power Sweep
18. Select “CAL”
19. From the soft menu under PERFORM CAL, select “2 PORT.” DO NOT select 2 port under the APPLY
CAL menu
20. Select “NEXT CAL STEP”
21. Select “FULL 12 TERM”
22. Select “EXCLUDE ISOLATION”
23. Select “NORMAL (1601 points maximum)
24. Verify the start and stop frequencies
25. Select “NEXT CAL STEP”
26. At the confirm calibration screen select “PORT 1 CONN”
27. Change connection type to SMA (F)
28. Select “PORT 2 CONN”
29. Change connection type to SMA (F)
30. Select “START CAL”
31. Connect broadband loads to both cables and select “MEASURE BOTH PORTS”
32. Once completed select “NEXT CAL STEP”
33. Connect an open to port 1 and a short to port 2 and select “MEASURE BOTH PORTS”
34. Once completed select “NEXT CAL STEP”
35. Connect a short to port 1 and an open to port 2 and select “MEASURE BOTH PORTS”
36. Once completed select “NEXT CAL STEP”
37. Connect a barrel between ports 1 and 2 and select “MEASURE DEVICES”
38. Once completed select “NEXT CAL STEP”
39. Select “ENTER” (do not save settings to to the hard disk)
Front Channel Display- Setting channel 1 to display the amplifier gain relative to input power
40. Select “CH 1”
41. Select “DISPLAY”
42. Select “GRAPH TYPE”
43. Select “LOG MAGNITUDE”
44. Select “MEAS”
45. Select “S21, TRANS”
Front Channel Display- Setting channel 3 to display the amplifier input VSWR
46. Select “CH 3”
47. Select “DISPLAY”
48. Select “GRAPH TYPE”
49. Select “SWR”
50. Select “MEAS”
51. Select “S11, REFL”
Overlay channel 1 and channel 3
52. Select “DISPLAY”
53. Select “DISPLAY MODE”
54. Select “OVERLAY DUAL CHANNELS 1 & 3.” Two plots displaying the gain and input VSWR should
appear
Acquiring Measurements (NOTE: USE AN ATTENUATOR ON THE OUTPUT OF THE AMPLIFIER TO
PROTECT THE VNA)
55. Connect the amplifier input to port 1 and the output to the attenuator.

14

56. Connect the output of the attenuator to port 2
57. Set the power supply current limit to 200mA
58. Apply power to the Amplifier and record the source current
59. Adjust the scaling on the plot as needed
Insert a marker to measure the 1dB compression point
60. Select “MARKER”
61. Select “READOUT MARKERS”
62. Record the steady gain of the amplifier, then move the marker until it reads 1dBm less than the steady gain
63. This is the measurement of the 1dB point of the amplifier with attenuator
64. If actual attenuation of the attenuator is needed, recalibrate the VNA for 2 port measurements and record
attenuator loss

1-dB compression point data

Figure 8: Plot of Power Sweep to determine 1dB compression point

1-dB compression point analysis
The plot in figure 8 shows a power sweep performed on an ERA3+ amplifier using a vector network analyzer. We
can add markers to this power sweep plot to measure the 1dB compression point of the ERA3+. Marker 1 was
placed where the gain is constant with increasing input power. Marker 2 was placed where the gain dropped 1dBm
from marker 1, and, while this is not technically the 1dB compression point by definition, this gives us an
approximate value for the 1dB point of this ERA3+ amplifier. This value of -1.44dBm for the 1dB compression
point is inconsistent with the 1dB compression point listed in the data sheet. This could be because a matching
network was not used on the output of the amplifier, causing poor output return loss.
1dB Compression Point = -1.44dBm
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Two Tone Test for Carrier to Third Order Intermodulation and IP3 Point
Introduction & Procedure
Two Tone Test:
A two tone test is performed on the amplifiers using two signal generators, a combiner, a 20dBm attenuator, and a
spectrum analyzer. Performing this test will provide measurements for determining the C/3IM ratio and IP3 point of
the amplifiers. The input power of the amplifiers were slowly raised until the 3rd order intermods were visible on
the spectrum analyzer. If the test is performed properly, intermods should rise in the locations specified in figure 10.
IP3 Point:
The IP3 point of an amplifier is a hypothetical point where the power of the third order product equals the power of
the first order component. This point lies beyond the saturation of the amplifier, which is why it cannot be measured.
To determine this point, a two tone test needs to be performed on the amplifier. Measuring the peak values of the
first and third order intermods using a spectrum analyzer at two different power levels and then using these two
points to interpolate a line, you can calculate the IP3 point of the amplifier. The first and third order intermods that
need to be measured are displayed in figure 10. [7] [8]
IP3 = Input Power
A 20dBm attenuator is needed at the output of the amplifier to prevent overpowering the spectrum analyzer.
Overpowering the spectrum analyzer could cause damage to the equipment.

Figure 9: Block Diagram of Two Tone Test

Figure 10: Generic two tone test sample output
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Figure 11: Generic C/3IM of an Amplifier

Figure 12: Generic IP3 Point of an Amplifier
Two-Tone Test Procedure to Determine C/3IM and IP3 point:
1. Power on the Spectrum Analyzer and the two generators used as sources
2. Connect one of the input signals to the first input on the combiner and the second input signal to the other
input on the combiner.
3. Connect the output of the combiner to the input of the amplifier. (remember to give the amplifier Vcc)
4. Connect the output of the amplifier to the spectrum analyzer.
5. Lower the noise floor of the spectrum analyzer for easy visibility of 3rd order intermod Power.
6. Using the generators as a source, input two high frequency signals starting at -15dbm. (CAUTION- do not
over power the test equipment! Use attenuator to decrease power going into the equipment if needed)
7. Slowly increase the power on both input signals until the 3rd order intermod is visible
8. Record the magnitude of the 3rd order intermod as well as the magnitude of the 1st order peaks
9. Use these measurements to determine and calculation the C/3IM and the IP3 point of the amplifier
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C/3IM and IP3 data

Figure 13: Power v Frequency F1= 2.4GHz
PIN = -10dBm and F2= 2.5GHz PIN= -10dBm
Marker on 1st order intermod
Frequency = 2.5GHz; Pout = -24.90dBm

Figure 14: Power v Frequency F1= 2.4GHz
PIN = -10dBm and F2= 2.5GHz PIN= -10dBm
Marker on 3rd order intermod
Frequency = 2.6GHz= (2F2-F1); Pout = -73.95dBm

Figure 15: Power v Frequency F1= 2.4GHz
PIN = -5dBm and F2= 2.5GHz PIN= -5dBm
Marker on 1st order intermod
Frequency = 2.5GHz; Pout = -19.88dBm

Figure 16: Power v Frequency F1= 2.4GHz
PIN = -5dBm and F2= 2.5GHz PIN= -5dBm
Marker on 3rd order intermod
Frequency = 2.6GHz = (2F2-F1); Pout = -55.44dBm

Coordinate pairs based on measured data: (dBm, dBm)
Carrier (-10, -24.90) and (-5, -19.88) - 3rd order (-10, -73.95) and (-5, -55.44)
C/3IM:
In figure 15, two -5dBm input signals are shown, along with the output intermodulation product at -19.88dBm.
Figure 16 shows the frequency of a 3rd order intermod at a frequency of 2.6GHz and output power -55.44dBm.
Using these two output powers, the C/3IM ratio of the carrier to third order intermodulation can be calculated.
P1 = output power in first order intermod
P3 = output power in third order intermod
C/3IM = P1-P3 = -19.88 - (-55.44) = 35.56 dBm
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Figure 13 shows frequency and output power of a first order intermod with an increased input power of -10dBm and
figure 14 shows frequency and output power of a third order intermod also with input power -10dBm. Using these
two points, along with the corresponding frequencies and input power in figure 15 and 16, two lines can be
interpolated, as shown in figure 17. Where these lines intersect is the IP3 point of the amplifier.

Figure 17: Graphically finding TOI/IP3
Interpolating the data to plot ideal amplifier gain and the 3rd order product. Intersection represents the IP3 point of
the amplifier. We can solve for the IP3 point by finding the intercept (set the two equations equal to each other and
solve for x)
IP3 (dBm) = 8.18 dBm

C/3IM and IP3 point analysis
In figure 17 it is important to note a 20dBm attenuator was used to protect the spectrum analyzer from power
damage. This is mostly likely the cause of such a low IP3 point. When the 20dBm is added back to the output power
it changes the IP3 point to 28.18 dBm, which is a much more reasonable value and in line with what would be
expected. The data sheet provides a typical value of 24 - 26 dBm for the IP3 point in this frequency range.
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Noise Source Introduction & Procedure
We will use a noise source that produces white noise to perform the Noise Power Ratio test on all the amplifiers.
Calibration Procedure for Noise Source (MS4622B):
1. Turn on the vector network analyzer
2. Select “Default” then “Continue”
3. Using a SMA to SMA cable to port 2 and the other end to the noise source model NC346B
4. Using a BNC to BNC, connect the other end of the noise source to the 28V bias port on the back left hand
side of the vector network analyzer
5. Select “appl”
6. Select “change application setup”
7. Select “entry state = current”
8. Select “measurement type / noise figure”
9. Select “DUT bandwidth= wide”
10. Select “Noise figure setup”
11. Select “Noise source = External”
12. Select “ENR Table Operation”
13. Select “Load ENR Table”
14. Select “From Floppy Disk Vendor ENR Table”
15. Select ENR table that matches the noise source

Notch Filter Options
1.

2.

3.

Shorting Stub Notch Filter
Using the shorting stub method we have been able to create a notch filter with a center frequency of
2.51GHz and a notch depth of -30dBm. Varying the length of the stub, we believe we will be able to
change the center frequency to be between 2.4-2.5GHz while retaining the notch depth of -30dBm.
Converting Bandpass to a Notch Filter
Currently we have purchased a bandpass filter that we plan to convert to a notch filter for our project if we
cannot build a notch filter at the desired frequency.
Microsrip Notch Filter
If the shorting stub and bandpass conversion method fails, we plan to electronically print a notch filter.

Methods for Implementing/testing a notch filter for performing the NPR test
To perform a proper Noise Power Ratio test, a notch filter that operates in the desired frequency range - the ISM
Band - is essential. Unfortunately, we were unable to find a notch filter in this range being sold to the public.
We considered three methods of creating a notch filter. A single stub configuration using an open stub with .086
coax cables, a bandpass filter converted by connecting the bandpass output to ground, and a microstrip design.

Method 1 - Open Stub:
The primary method considered was using a single stub configuration with an open stub. To do this, we have to
design the length of the stub so that the notch frequency is around 2.45 GHz. To find the length, use the following
equation to get λ.
λ = v * (c / f)
λ = wavelength (in m)
v = velocity factor (from .086 coax datasheet)
c = speed of light (in m/s)
f = desired frequency (in Hz)
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To get a notch filter at the desired frequency using an open stub, we would need to use a quarter-length stub. This
shifts the impedance of the open by a quarter-wavelength so that it acts like a short at the desired frequency.
Figure 18 below showcases a very simple model using the open, single stub configuration.

Figure 18: Model of .086 Open, Single Stub Configuration Notch Filter

Method 2 - Convert Bandpass:
The second method was to repurpose a bandpass filter to act as a notch filter. The nature of a bandpass filter is to
only allow signals within a certain frequency range to pass through the device. If we tie the output of the bandpass
filter to ground, then effectively create a notch filter by having a circuit that only attenuates signals within a specific
frequency range.
For this method, we would just need to find a bandpass filter that operates in the ISM Band, of which there are a
couple options available online (Include at least one option here). A model of a notch filter using this method is
shown in figure 19 below.

Figure 19: Model of the converted bandpass notch filter

Method 3 - Microstrip Design:
This final method would be the most optimal if we had the time and resources to dedicate so that the project could
be perfect. However, due to the resources and specificity needed to create a microstrip design for a notch filter in the
ISM Band that was published (by who and when), it was determined that we should consider the more readily
available options first. The model design found off the published source is shown below.

Figure 20: Microstrip Design Model for Notch Filter
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Shorting Stub Notch filter characterization
Referencing the S21 TRANS parameter in figure 21, the notch frequency is slightly above the desired range of notch
frequencies (2.4-2.5GHz). Therefore we plan to remove the current stub and replace it with a slightly longer stub.
This will move the notch frequency down. With testing and varying the stub length, a notch frequency ranging
2.4-2.5GHz should be achievable. The closest notch we were able to achieve is shown below.

Figure 21: At 2.51 GHz, the notch depth is -38.7 dBm.

NPR Introduction & Procedure
NPR is a measure of the “quietness” of an unused channel. In order to get a NPR measurement for our amplifiers,
add a notch filter before the amp which should attenuate the signal going into the amplifiers for the ISM band. With
the amplifier powered on, the NPR measurement will be the difference in noise level between when we have the
notch filter connected or not. The first step to getting this test to operate as desired is to find a suitable notch filter in
the ISM Band.
Unfortunately, we were unable to get any test data for the NPR measurements before we lost access to the campus
equipment and laboratory space due to covid-19.

Method for performing the NPR on a population of device(s) in the lab

Figure 22: Method for performing the NPR test on a population of devices [9]
Figure 22 above depicts the procedure for performing the NPR test on a population of devices. First a White
Gaussian Noise Source is required to mimic a multicarrier signal with random amplitude and phase. The multicarrier
signal with random amplitude and phase then goes through a notch filter, with a depth of around 30dBm or greater.
Once this signal goes through the test amplifier, a portion of the notch will be filled in. The measurement of how
much the notch has filled in is the NPR of the amplifier. [9]
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Chapter 6: Project Progress (After Covid-19)
Install and develop familiarity with Keysight's ADS tool
Getting Familiar with Keysight ADS:
To get more familiar with the keysight ADS tool we constructed this simple circuit shown below in figure 23 and
tried to simulate the frequency response, which is the primary plot type used in this project. We decided to add a
shunt capacitor to the feedback path so that the circuit is frequency dependent.

Figure 23: AC Op Amp Integrator with DC gain control

Figure 24: Frequency Response

Small discussion:
To create this plot in ADS, label the nodes for the input and output of the op amp circuit in figure 23. Then start an
AC simulation with the desired frequency range. Running the simulation takes the user to a new window. In this
window the user has many options to manipulate data from the op amp circuit. In order to plot the gain, create an
equation that translates the gain into decibels (dBm) as shown above the plot in figure 24. Select a blank plot, go to
the datasets and equations drop down menu, select equations, and click on the gain equation just created. Once the
equation is selected, add it to the plot and then go to plot options to modify the plot so that it is seen with a log scale
on the x-axis as desired. This simple example was beneficial to helping cultivate an understanding of the ADS tool
and how to use it to manipulate data and create meaningful plots.
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Install and develop familiarity with Keysight's ADS Noise Power Simulation
Noise Power Simulation:
The circuit shown in figure 25 is used to determine the NPR of a test amplifier provided by ADS. All values in this
simulation were recommended by ADS when getting started with the NPR simulation. One interesting thing we
noticed was that the software would automatically place the tone at a frequency of 0 Hz despite the actual frequency
that we set the tone to be, as shown in figure 26. It seems that this doesn’t affect the behavior of the plots, so we
decided to work around this problem since the frequency we’re working with isn’t essential for determining the NPR
performance in the notch bandwidth. [10]

Figure 25: ADS Schematic for NPR [10]

Figure 26: Output of the tone generator
Aside from the frequency of the tone originating at 0Hz, it’s also concerning that the tone shows some frequency
spread at low output power. This makes it seem that the tone generator itself is providing phase noise to the circuit.
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The phase noise contributes less than 0.1 part per billion (-100 dB) for 0.2% of the bandwidth (200kHz/100 MHz),
so it isn’t much of a concern for affecting the rest of the circuit.
This tone then goes into an IQ modulator to simulate white gaussian noise as shown in the plot in figure 27. This
noise goes into a bandpass filter centered at 1575MHz and a bandwidth of 0.5MHz. The output of the bandpass filter
is shown in figure 28.

Figure 27: White gaussian noise signal at output of IQ
modulator

Figure 28: Output signal of the bandpass filter

This signal is passed through a bandstop filter with a high quality factor, turning it into a notch filter centered at
1575MHz and a bandwidth of 0.5MHz. This creates a deep stopband in the signal centered at the same frequency.
This is the input signal to the test amplifier. The signal at the input and output of the test amplifier is shown in figure
29. This figure shows the notch is not as deep as it was at the input of the amplifier. The difference between the
output signal notch depth and the input signal notch depth is the NPR of the amplifier. This NPR measurement is
shown in figure 30.

Figure 29: Input of Amplifier (Red) and output of
amplifier (Blue)

Figure 30: NPR measurement (Zoomed in on band of
interest)
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Replace generic simulator amplifier with ERA3 model based on measured s-parameters
We used the following S-parameters measured at 2.45GHz for an ERA-3+ amplifier.

Figure 31: S-parameter data at notch center frequency - voltage ratio, magnitude (M) and phase (A)
Use the same circuit in figure 25 for NPR setup, but with added custom S-parameters shown above in figure 31. The
amplifier in this simulation is characterized by the s-parameters of an ERA3+. The center frequency in this
simulation is 2.45MHz and the notch bandwidth is 50MHz. Note that the amplifier data above shows poor output
return loss, so for simulation we used the same return value for S11 and S22.

Figure 32: Input (Red) and output (Blue) of ERA3+
amplifier model

Figure 33: NPR measurement (Zoomed in on band of
interest)

Measuring NPR vs Input Power
The schematic in figure 25 is useful to get a general NPR, but we had to add an amplifier before the device under
test (DUT) so that we could modify the power level at the input of the DUT as shown in figure 34. Without this
additional amplifier, the power level going into the amplifier is too close to the noise floor so the NPR measurement
doesn’t change as expected. It would be ineffective if we had this circuit in real world applications because the NPR
measurement would be greatly affected by the addition of another amplifier; however, in simulation, we can make
the extra amplifier nearly ideal so that it doesn’t affect the DUT.
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Figure 34: Updated schematic to measure NPR at different power levels

TABLE VII: APPROXIMATE NPR FOR DIFFERENT INPUT POWER
Amplifier
Gain

Approximate
NPR (dB)

0

43.72

10

67.2

20

73.1

30

71.3

40

60.7

50

50.2

60

37.1

70

26.4

Figure 35: Correlation between NPR and Input Power

This curve fits as expected based on models found online. This indicates that the NPR test is valid and the results
can be trusted, so we can now use the NPR test to determine relations between NPR and other metrics of
nonlinearity such as the 1dB compression point.
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Simulate 1 dB compression point of selected amplifier in ADS
1dB Compression Point:
The circuit in figure 34 is used to plot the ideal and actual power output (output power versus input power) of the
amplifier, which is then used to measure the 1dB compression point of that amplifier. To do this, the user needs to
run two simulations. A harmonic balance simulation for plotting the ideal gain and a gain compression simulation
for plotting the actual gain of the amplifier. [11]

Figure 36: ADS Schematic: Measuring the 1dB Compression Point of a generic amplifier [11]
Once the user has run the simulation and is in the data manipulation window, a few equations need to be made.
The linear equation in figure 35 adds the input power to gain which then needs to be plotted to form the ideal gain of
the amplifier. The gain equation calculates the gain by subtracting the input power from the output voltage. This
equation is plotted in the same figure and produces the actual gain of the amplifier.

Figure 37: Plot to determine 1dB Compression Point of a generic amplifier
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Two markers were added to the plot to measure the 1dB compression point of the amplifier. Marker 1 (M1) was
placed on the ideal gain and marker 2 (M2) was placed on the actual gain. These markers were placed where the
output power of marker 2 subtracted from marker 1 was 1dBm as shown by the compression point in figure 35. This
input power, measured to be 13.5dBm, is the 1dB compression point of the amplifier. [11]

Modifying the 1dB parameter on the amplifier in the NPR test

Figure 38: NPR with 1dB point at 5dBm

Figure 39: NPR with 1dB point at 10dBm

Figure 40: NPR with 1dB point at 15dBm

Figure 41: NPR with 1dB point at 20dBm

Figure 42: NPR with 1dB point at 30dBm

Figure 43: NPR with 1dB point at 40dBm
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Figure 44: NPR with 1dB point at 50dBm

Figure 45: NPR with 1dB point at 100dBm

In this section, we modified the gain compression power (1dB point), keeping all others constant, on the amplifier in
the NPR test to see how the 1dB compression point affects the NPR performance of the amplifier.

TABLE VIII: APPROXIMATE NPR OVER THE NOTCH BANDWIDTH FOR DIFFERING GAIN COMPRESSION POWERS
Gain Compression
Power (dBm)

Approximate
NPR (dB)

5

75

10

70

15

60

20

50

30

35

40

45

50

30

100

30

Figure 46: Correlation between NPR and 1dB Point

The table above shows the NPR values we extracted from the plots based on gain compression power. By plotting
these points and fitting a curve to the model, we found that the relation is best characterized by a polynomial curve
fit with an R2 value of 0.9091. While this isn’t ideal, it definitely shows that there is a good, clear relation between
NPR performance and 1dB compression point measurement. Low 1dB point indicates NPR performance will be
poor, whereas at higher 1dB, starting at about 30dBm, the NPR performance will be much better. An input power of
100dBm is practically unachievable, but is used here to find a theoretical correlation across a wider range of powers.
A low 1 dB point indicates that the amplifier is only linear for a very small range of low input powers. The
nonlinearity of the amplifier adds additional power in the intermods; therefore, more noise is added to the signal
from the amplifier. Since the amplifier is kept in its nonlinear region for a larger input power range, a lot more noise
is added at this low 1 dB point than for amplifiers with a higher 1dB point.

30

Simulate IP3 performance of selected amplifier in ADS
IP3 Point:
The circuit in figure 45 is used to gain familiarity with performing a two tone test on an test amplifier. A harmonic
balance simulation needs to be run to input the two signals at frequencies of 10.1MHz and 9.0MHz which are added
and then sent through the test amplifier. [12]

Figure 47: ADS Schematic: Performing a two tone test to determine IP3 point of generic amplifier [12]
After the user is in the data manipulation window, the spectrum at the output of the amplifier needs to be plotted at a
certain input power. To do this, create the equations shown under the spectrum plot. Then add a graph to the
workspace, change the datasets to equations, and select Pout_dBm to be plotted. Markers were then added to this
plot to measure the output power at two different input powers of 0dBm and -5dBm. These markers create 4
different points of input power and output power.

Figure 48: Two Tone Test Plot of generic amplifier
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Two linear equations were created from the 2 points on the carrier and 2 points on the 3rd intermod. These linear
equations for Carrier and Intermod power are shown in figure 46 above under the marker data. When these 2 linear
equations are set equal to each other, the input power at the IP3 point is determined as shown in the calculations
below. When this input power is plugged back into one of the two linear equations, the output power at the IP3 point
is determined. [12]
Interpolating the IP3 point from the Carrier and Intermod Equations:
Set the equations equal to each other
0.984Pin + 9.881 = 3.03Pin - 36.816
-2.046Pin = -46.697
Pin = 22.8dBm
Pout = 3.03 x 22.8 - 36.816 = 32.268dBm
IP3 = 22.8 dBm
The C/3IM at an input power of -5dBm and 0dBm was also calculated using the data in figure 46. This is done by
subtracting the output power in the third order intermod from the output power in the first order intermod.
Determining C/3IM at Pin = 0dBm:
P1 = output power in first order intermod
P3 = output power in third order intermod
C/3IM = P1-P3 = 9.881- (-36.816) = 46.697 dBm
Determining C/3IM at Pin = -5dBm:
P1 = output power in first order intermod
P3 = output power in third order intermod
C/3IM = P1-P3 = 4.963- (-51..984) = 56.947 dBm

Summary/Conclusion:
Even though we were not able to complete the NPR test in the lab with the ERA-3+ amplifiers as we were hoping to
do, we were able to find that there was correlation between NPR and the third order intercept as well as the 1dB
compression point using simulated data. There are some significant margins of error in measurements for NPR
because we were unable to directly find the difference in power across the amplifier within the band of interest. With
further knowledge of the ADS software, I’m sure we would be able to get tabulated data on every point within the
notch band and then find an appropriate value for average NPR performance within the bandwidth. Furthermore,
improvements can be made within the schematic so that the amplifier model used to measure all these parameters is
realistic. For the purposes of our testing and data collection, we mostly used the base model for all components in
the schematics with few modifications.
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Appendix D. Senior Project Analysis
Project Title: Wideband Characterization and Alternate Test Technique for RF Amplifiers
Student’s Name: Arthur Yuriychuk, Hannah Bonderov
Student’s Signature: Arthur Yuriychuk, Hannah Bonderov
Advisor’s Name: Dale Dolan
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Date: 11/18/2019
• 1. Summary of Functional Requirements

The project should produce a Noise Power Ratio Curve for the ERA3+ amplifier derived from the NPR testing done
on the amplifier. The data used to create this curve will come from testing 30 of these amplifiers under different
constraints. Preliminary testing will be performed on the amplifiers to obtain S-parameters and ensure proper
functionality before using the amplifier.
Once the project is complete, somebody should be able to use our curve and get a theoretical value for NPR
performance based on either the 1dB compression point or the third order intercept.

• 2. Primary Constraints

A significant challenge in this project will be ensuring all amplifiers are correctly characterized and put together
well. Each amplifier comes in a lab kit meaning that they still need to be put together using soldering in order to get
the final amplifier. Because we will be performing many different tests on these 30 amplifiers, organization of the
data will be extremely important in ensuring no incorrect data is used for the final Noise Power Ratio curve.
Our most significant challenge is approaching the steep learning curve for performing all the necessary tests on our
amplifiers. With little experience working with the necessary equipment and almost no clue as to how to run these
tests, we will likely be relying on our mentor for assistance to get us going. Another problem that we will face is
time. Our project relies on us collecting a lot of data per amplifier for almost 30 amplifiers. Going through all of this
with precision and organization will be a challenge.
Before the direction of our project changed toward simulation because of Covid-19, a difficult part of the project
was building the notch filter within the desired frequency range. Even after multiple attempts, 2.51GHz was the
closest center frequency that we were able to get to 2.45GHz. If we had more time in the lab, we surely would have
been able to continue modifications to the shorting stub notch filter so that the notch was center focused at 2.45GHz.
After lab access was completely restricted, the project became difficult because we had to learn ADS software with
no prior experience. This software is very useful, but there are so many features such that there is a steep learning
curve. Furthermore, only one of us was able to get access to the software, so we would have to meetup in order to
get work done that involved ADS. This was not only frustrating, but it was also difficult to work around.

• 3. Economic

All costs except labor will occur at the beginning of the project. This is because all parts need to be purchased and
soldered together before preliminary testing can begin. Testing equipment does not need to be purchased since it is
provided for free by the Student Projects Lab. Labor costs will be spread out through the entirety of the project.
With the change in direction of this project toward simulation, the cost further decreases to only include labor costs
if somebody else were to try to recreate our results.
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To produce a correct Noise Power Ratio curve, the project requires 30 properly characterized and tested RF
amplifiers. This project will cost approximately $10,116 including the cost of all the essential equipment and labor.
A large portion of this cost is mitigated by Cal Poly SLO because of access to lab equipment and tools.
Original estimated cost of component parts (as of the start of your project):
Actual final cost of component parts (at the end of project)

$21,511.89
$2,446.73

Refer to Table V and VI. For the final project cost, we included the cost of 50 ERA-3+ amplifier kits and labor
costs.
All equipment for this project will be provided by Cal Poly Student Project Lab. If the equipment used in this project
was not provided by Cal Poly Student Project Lab, the estimated cost of the project greatly increases to $21,511.89 .
By the end of our project, we had switched to using ADS to simulate all of the test; therefore, the cost no longer
includes any lab equipment.
This project benefits students taking the graduate RF Amplifiers Lab. This project ensures they have guidelines and
a proper curve to take data from. There is no explicit monetary gain for anybody due to this project.
The product is complete after the Noise Power Ratio testing is done and the data is used to create the NPR curve.
The product will exist as long as the ERA-3+ is manufactured and used. If too many parts are faulty, we may need to
reorder some in order to have a large enough sample size to create a model for the part.
With the change to simulation, this product could be easily modified so that the NPR correlation curves apply to any
amplifier by inserting a different amplifier model into the base schematics for the different tests. Therefore, this
product could exist for a long period of time, or at least until NPR data is no longer relevant. Since ADS is a free
software, there are no maintenance or operation costs for this product.
The development of the NPR curve is expected to take about 230 days or 164 workdays as shown in Figure 3.
The final development time for the project is shown in Figures 4 and 5. Though the report ended up taking 230 days
or 164 workdays, the simulation portion of the project only took 47 days or 33 work days.
After the completion of the project, the NPR curve will be given to the Cal Poly Electrical Engineering department
for use in future lab courses.

• 4. If manufactured on a commercial basis:

Because the product of the project is a Noise Power Ratio curve, a student just needs to purchase the ERA-3+
amplifier kit to use the curve. There should be approximately 60 students purchasing the ERA-3+ annually.
The manufacturing cost is not included in the purchase price for each amplifier because the amplifiers come in kits
which need to be put together before use. The estimated purchase price for each amplifier is $17.72.
Since the school will likely be purchasing the amplifier kits themselves and then redistributing them to students,
they are likely to mark up the purchase price slightly to about $18 - $20.
Therefore, each amplifier kit purchased by a student from the school will be a net profit of $0.28 - $2.28 for the
school. In a year, the estimated profit for the school reaches $16.8 - $136.8.
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No cost to operate the device or the NPR curves once in possession. Test equipment supplied for free by school labs.

• 5. Environmental

There is no clear environmental impact associated with this project. Manufacturing plants for the chips might affect
the environment. Simulation has no effect on the environment.
There are no direct natural resources or ecosystem services impacted by this project. We need electricity/power so
we support power lines to supply power to the school.
There are no natural resources or ecosystems improved or harmed.
There is no impact on other species.

• 6. Manufacturability

The ERA-3+ amplifiers we are using come in kits rather than being preassembled. This provides the challenge of
having to solder the surface mount components by hand which risk damage to the parts.For simulation purposes,
there is no manufacturing and therefore no issues or challenges.

• 7. Sustainability

One issue with the NPR curve is that it is only useful in determining the Noise Power Ratio for circuits specific to
the ERA-3+. This means if these amplifiers become discontinued, the curve will no longer be useful. In order to
counteract this, another amplifier could be used within the simulations in order to get a curve for that amplifier.
The project relies on equipment in the school labs that have been available for a number of years. Also, we are
testing only about 30 amplifiers even though we should be working with a large amount of components in order to
get a better result. With our simulated data, the project is in a good position to change and adapt to whatever needs
that the user has. With this flexibility and adaptability, the project could be relevant and last for many years.
Increasing the number of amplifiers used to create the NPR curve will improve the reliability of the data, but 30
amplifiers should be sufficient enough to create a reliable NPR curve. With respect to the simulation platform, the
amplifier model could be made more specific to see a more realistic curve. Also, most of the measurements we made
were graphical and not precise; it would be good to get a more accurate value for the NPR performance in the notch.
Upgrading the original design would be challenging because of the sheer amount of testing required and time
required to do that testing and analysis; however, there are fewer challenges in updating the simulation design.

• 8. Ethical

The biggest ethical implication in our project is providing accurate data that we actually measured. There are some
people that may alter their collected data in order to make it appear as if they obtained perfect data. However the
IEEE Code of Ethics states that we must be honest and realistic in making claims about our data. We want to
provide data that the professor and students can actually use as a reference.
Furthermore, with the completion of this project, we will be assisting Steve Dunton in his professional development
by allowing him to create new projects/classes.

• 9. Health and Safety
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This project requires soldering to be done on many different components, including the 30 RF amplifiers. During
this process is it possible lead could be inhaled, which is dangerous for the person soldering. Other health safety
risks include sitting down too long and staring at a computer screen for too long.

• 10. Social and Political

We used Keysight’s ADS software. If we were to publish our findings, we might need to share designs with
Keysight so that we could use the designs we created using their software.
The direct stakeholder is the professor for theAdvanced Microwave Laboratory class because this data that we
collect will be directly given to them for use in the class. Indirect stakeholders include the school and more
specifically the EE department as well as the students who decide to take this class.
The project benefits stakeholders by providing an opportunity for students to learn about industry level coursework
without the stress of having to learn it on the job. This also benefits the EE department because it will be able to
market this new course to students claiming that the department prepares individuals for the real world.
Most stakeholders benefit rather equally. Students pay a little bit more due to resources, but overall they gain
experience that is more than worth the cost. There are no outright inequalities created.
The EE department has the bulk of the resources including the test benches and measurement equipment. The
students must also get the amplifier as part of an extra expense. The instructor holds the knowledge and skills for the
class. The department further has the political power to structure the curriculum of the class however it deems fit.

• 11. Development

Over the course of the project, we learned how to conduct an amplifier trade, obtain S-parameters, test RF amplifiers
for functionality, and manage a large amount of data collection. We learned techniques for measuring nonlinearities
in amplifiers including measuring the 1dB compression point via power sweep on a VNA, finding the C/3IM and
third order intercept (TOI/IP3) using a two tone test with a spectrum analyzer, and building a notch filter using a
shorting stub. Furthermore, we had to adapt and learn how to use ADS software in order to simulate the three tests
we were hoping to perform in the lab: 1dB compression point test, two tone test, and NPR test.
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